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High-Altitude Electromagnetic Pulse (HEMP)

ÁCreated by the detonation of a nuclear 
weapon at high-altitude or in space

ÁE1: Early-time Pulse
ς 50 kV/m, 2.5 nsec rise time (at worst location on 

ground)

ς Can affect large geographic areas

ς Potential impacts to electronics, insulation flashover

ÁE2: Intermediate-time Pulse 
ς 0.1 kV/m, waveform and effects similar to nearby 

lightning strike

ς No transmission system impacts expected

ÁE3: Late-time Pulse
ς млΩǎ ±κƪƳ όŀǘ ǿƻǊǎǘ ƭƻŎŀǘƛƻƴ ƻƴ ƎǊƻǳƴŘύ

ς Similar to severe GMD event 

ς Voltage collapse, transformer damage possible

HEMP E1

HEMP E3

http://www.epri.com/
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EPRI Final Report
https://www.epri.com/#/pages/sa/emp?lang=en-US

http://www.epri.com/
https://www.epri.com/#/pages/sa/emp?lang=en-US
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EPRI EMP Research

Á3-year project launched in April 2016 
with 63 U.S. utilities

ÁAnswering two important questions:

ς What are the potential impacts of a HEMP 
attack on the electric transmission system?

ς If impacts are severe, can they be mitigated 
in cost-effective ways?

ÁClose collaboration with U.S. EMP 
Community and ESCC

http://www.epri.com/
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E1 Threat to Substations
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E1 Environment

ÁConductors act like antenna and absorb EMP 
energy (conducted threat)

ÁPlane wave radiates the component directly 
(radiated threat)

http://www.epri.com/
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E1 Environment

ÁLos Alamos National Laboratory (LANL) provided an unclassified (OUO) E1 environment 
based on a notional 1MT detonation at 200 km

ÁProvided parameters that are critical for interconnection-scale E1 assessments

ÁTwo threat levels were considered: 25 kV/m peak (LANL nominal), 50 kV/m peak (IEC)

Epeak ~ 25 kV/m 

(nominal)
Example Smile Diagram

Example E1 EMP Waveforms With 

Comparison of IEC and Bell Labs Waveforms

LANL LA-UR-18-23547 LANL LA-UR-18-23547
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